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$x\geq 0\ovalbox{\tt\small REJECT}$ $\mathcal{K}^{0}:=\{x\in\Re^{n}:x\geq 0\}$
$x\in \mathcal{K}^{0}$ (1)
$D\in\Re^{\epsilon Xn}$ $E\in\Re^{t\cross n}$ [10]
$\kappa:=\{v\in\Re^{n}:Dv\geq 0, Ev=0\}$ (2)
[2,3]




$x\in \mathcal{K}$ ( $PO$ )
$x\in \mathcal{K}^{*}.$
($PO$ ) [6, 11] nearest
point problem[8]
2 3 $\mathcal{K}$ ( $PO$) 4
$\mathcal{K}^{*}$ ( $PO$ ) 5
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2
$\mathcal{K}:=\{v\in\Re^{n}:Dv\geq 0, Ev=0\}$ $\mathcal{K}^{*}:=\{u\in\Re^{n}:u^{T}v\geq 0, \forall v\in \mathcal{K}\}$
$\mathcal{K}^{*}$ :
$\mathcal{K}^{*}=\{u\in\Re^{n}:u=D^{T}\lambda_{1}+E^{T}\lambda_{2}, \lambda_{1}\geq 0, \lambda_{1}\in\Re^{s}, \lambda_{2}\in\Re^{t}\}$ . (4)
D $=I$ ( ) $E=O$ $\mathcal{K}$ $D=I$ $E=O$ $\mathcal{K}^{*}$
( $PO$)
2 [5,10].
1. edge representation: : $\mathcal{K}*$




s.t. $A_{X}=b$ (cone $(P)$ )
$x\in \mathcal{K}=\{x\in\Re^{n} : Dx\geq 0, Ex=0\}.$








$st$ . $(\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}x^{+}x^{-}t\end{array})=(\begin{array}{l}b00\end{array})$ (6)
$(x^{+}, x^{-}, t)\geq 0.$
$\max b^{T}y_{1}$
$s$ . $t$ . $(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}y_{1}y_{2}y_{3}\end{array})+(\begin{array}{l}z_{1}z_{2}z_{3}\end{array})=(\begin{array}{l}c-c0\end{array})$ (7)














1 (Cone $(P)$ ) (Cone $(D)$ ) $x$ $(y, z)$
$v(P)$ $v(D)$




$=((\begin{array}{l}z_{1}z_{2}z_{3}\end{array})+(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}y_{1}y_{2}y_{3}\end{array}))^{T}(\begin{array}{l}x^{+}x^{-}t\end{array})$
$-((\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}x^{+}x^{-}t\end{array}))^{T}(\begin{array}{l}y_{1}y_{2}y_{3}\end{array})$
$=(\begin{array}{l}x^{+}x^{-}t\end{array})(\begin{array}{l}z_{1}z_{2}z_{3}\end{array})$
$\geq 0.$ ( $\cdot.\cdot$ )
$\blacksquare$
1 $v(P)=v(D)$ $x$ $(y, z)$ cone (P) cone (D)
3.2
2 $[9J.$ $C$ $y$ $C$




( ) [7, 9] $w^{*}$ (cone-$P$ ) $\Re^{n+1}$
$C:=\{(r, u)\in\Re\cross\Re^{n}:r=tw^{*}-c^{T}x, u=tb-Ax, t\geq 0, Ex=0, Dx\geq 0\}$ (11)
$C$
$(1, 0)\in C$ $W^{*}$ (cone-$P$ ) $(1, 0)\not\in C.$













1 $1R$ (Projection Theorem[l]).
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3.3
$(\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}x^{+}x^{-}t\end{array})=(\begin{array}{l}b00\end{array}),$
$(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}y_{1}y_{2}y_{3}\end{array})$ $(\begin{array}{l}z_{l}z_{2}z_{3}\end{array})=(\begin{array}{l}c-c0\end{array})$
(16)
$x_{i}^{+}z_{1_{i}}=0, i=1, \ldots, n,$
$x_{i}^{-}z_{2_{i}}=0, i=1, \ldots, n,$
$t_{i}z_{3}. =0, i=1, \ldots, s,$
$(x^{+}, x^{-}, t)\geq 0,$
$(z_{1}, z_{2}, z_{3})\geq 0.$
3.4
$\mu>0$
$(\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}x^{+}x^{-}t\end{array})=(\begin{array}{l}b00\end{array})$
$(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}y_{1}y_{2}y_{3}\end{array})$ $(\begin{array}{l}z_{1}z_{2}z_{3}\end{array})=(\begin{array}{l}c-c0\end{array}),$
(17)
$x_{i:}^{+_{z_{1}=\mu}}, i=1, \ldots, n,$
$x_{\dot{l}}^{-}z_{2_{i}}=\mu, i=1, \ldots, n,$






$(\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}\Delta x^{+}\Delta x^{-}\triangle t\end{array})=(\begin{array}{l}000\end{array})$
$(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}\triangle y_{1}\Delta y_{2}\triangle y_{3}\end{array})+(\begin{array}{l}\Delta z_{1}\Delta z_{2}\Delta z_{3}\end{array})=(\begin{array}{l}000\end{array})$
(18)
$Z_{1}\triangle x^{+}+X^{+}\triangle z_{1}=\gamma\mu e-X^{+}z_{1}$
$Z_{2}\Delta x^{-}+X^{-}\Delta z_{2}=\gamma\mu e-X^{-}z_{2}$
$Z_{3}\Delta t+T\Delta z_{3}=\gamma\mu e-Tz_{3}$
$\mu=\frac{(x^{+})^{T}z_{1}+(x^{-})^{T}z_{2}+t^{T}z_{3}}{2n+s}$ $\gamma\in[0,1]$ 3
3.5.1






$\mathcal{N}:=\{(\tilde{x},\tilde{y},\tilde{s})\in \mathcal{F}^{0}:\Vert\tilde{X}\tilde{s}-\mu e\Vert_{2}\leq 0.4\mu\}$ (22)
stepl: $\gamma$ $:=1- \frac{0.4}{\sqrt{2n+s}}$ $w^{0}\in \mathcal{N}$
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step2: $(x^{+})^{T}z^{1}+(x^{-})^{T}z^{2}+t^{T}z^{3}\leq\epsilon$

































$(\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}\Delta x^{+}\Delta x^{-}\triangle t\end{array})=(\begin{array}{l}b00\end{array})-(\begin{array}{lll}A -A OE -E OD -D -I\end{array})(\begin{array}{l}x^{+}x^{-}t\end{array})=:r_{p}$
$(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}\triangle y_{1}\triangle y_{2}\Delta y_{3}\end{array})+(\begin{array}{l}\Delta z_{1}\triangle z_{2}\Delta z_{3}\end{array})$
$=(\begin{array}{l}c-c0\end{array})-(\begin{array}{lll}A^{T} E^{T} D^{T}-A^{T} -E^{T} -D^{T}O O -I\end{array})(\begin{array}{l}y_{1}y_{2}y_{3}\end{array})-(\begin{array}{l}z_{1}z_{2}z_{3}\end{array})=:r_{d}$
$Z_{1}\Delta x^{+}+X^{+}\Delta z_{1}=\gamma\mu e-X^{+}z_{1}$
$Z_{2}\Delta x^{-}+X^{-}\Delta z_{2}=\gamma\mu e-X^{-}z_{2}$





step2: $(x^{+})^{T}z^{1}+(x^{-})^{T}z^{2}+t^{T}z^{3}\leq\epsilon,$ $\Vert r_{p}\Vert\leq\epsilon_{1},$ $\Vert r_{d}\Vert\leq\epsilon_{2}$
$step3$ :Newton $\Delta w$













$x,$ $\lambda_{2}$ $x^{+}-x^{-},$ $\lambda_{2}^{+}-\lambda_{2}^{-}$
$\min c^{T}x^{+}-c^{T}x^{-}$
$st$ . $(\begin{array}{lllll}A -A O O OI -I -D^{T} -E^{T} E^{T}\end{array})(\begin{array}{l}x^{+}x^{-}\lambda_{1}\lambda_{2}^{+}\lambda_{2}^{-}\end{array})=(\begin{array}{l}b0\end{array})$ (29)
$(x^{+}, x^{-}, \lambda_{1}, \lambda_{2}^{+}, \lambda_{2}^{-})\geq 0.$
$\max b^{T}y_{1}$
$s$ . $t$ . $(\begin{array}{ll}A^{T} I-A^{T} -IO -DO -EO E\end{array})(\begin{array}{l}y_{1}y_{2}\end{array})+(\begin{array}{l}z_{1}z_{2}z_{3}z_{4}z_{5}\end{array})=(\begin{array}{l}c-c000\end{array})$ (30)
$(z_{1}, z_{2}, z_{3}, z_{4}, z_{5})\geq 0.$
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$(\begin{array}{lllll}A -A O O OI -I -D^{T} -E^{T} E^{T}\end{array})(\begin{array}{l}x^{+}x^{-}\lambda_{1}\lambda_{2}^{+}\lambda_{2}^{-}\end{array})=(\begin{array}{l}b0\end{array}),$
$(\begin{array}{ll}A^{T} I-A^{T} -IO -DO -EO E\end{array})(\begin{array}{l}y_{1}y_{2}\end{array})+(\begin{array}{l}z_{1}z_{2}z_{3}z_{4}z_{5}\end{array})=(\begin{array}{l}-c0c00\end{array})$
(31)
$x_{i}^{+}z_{1_{i}}=0, i=1, \ldots, n,$
$x_{i}^{-}z_{2_{i}}=0, i=1, \ldots, n,$
$\lambda_{1_{:}}z_{3_{i}}=0, i=1, \ldots, s,$
$\lambda_{2_{i}}^{+}z_{4_{i}}=0, i=1, \ldots, t,$
$\lambda_{2_{l}}^{-}z_{5_{i}}=0, i=1, \ldots, t,$
$(x^{+}, x^{-}, \lambda_{1}, \lambda_{2}^{+}, \lambda_{2}^{-})\geq 0,$
$(z_{1}, z_{2}, z_{3}, z_{4}, z_{5})\geq 0.$
$\mu>0$
$(\begin{array}{lllll}A -A O O OI -I -D^{T} -E^{T} E^{T}\end{array})(\begin{array}{l}x^{+}x^{-}\lambda_{l}\lambda_{2}^{+}\lambda_{2}^{-}\end{array})=(\begin{array}{l}b0\end{array}),$
$(\begin{array}{ll}A^{T} I-A^{T} -IO -DO -EO E\end{array})(\begin{array}{l}y_{1}y_{2}\end{array})+(\begin{array}{l}z_{1}z_{2}z_{3}z_{4}z_{5}\end{array})=(\begin{array}{l}-c0c00\end{array})$ ,
(32)
$x_{i}^{+}z_{1_{i}}=\mu, i=1, \ldots, n,$
$x_{i}^{-}z_{2_{i}}=\mu, i=1, \ldots, n,$
$\lambda_{1_{:}}z_{3_{i}}=\mu, i=1, \ldots, s,$
$\lambda_{2_{i}^{Z_{4}}:}^{+}=\mu, i=1, \ldots, t,$
$\lambda_{2_{i}}^{-}z_{5_{i}}=\mu, i=1, \ldots, t,$
$(x^{+}, x^{-}, \lambda_{1}, \lambda_{2}^{+}, \lambda_{2}^{-})>0,$




$(\begin{array}{lllll}A -A 0 O OI -I -D^{T} -E^{T} E^{T}\end{array})(\begin{array}{l}\Delta x^{+}\Delta x^{-}\Delta\lambda_{1}\Delta\lambda_{2}^{+}\Delta\lambda_{2}^{-}\end{array})=(\begin{array}{l}00\end{array})$
$(\begin{array}{ll}A^{T} I-A^{T} -IO -DO -EO E\end{array})(\begin{array}{l}\Delta y_{1}\Delta y_{2}\end{array})+(\begin{array}{l}\Delta z_{1}\Delta z_{2}\Delta z_{3}\Delta z_{4}\Delta z_{5}\end{array})=(\begin{array}{l}00000\end{array})$
(33)
$Z_{1}\Delta x^{+}+X^{+}\Delta z_{1}=\gamma\mu e-X^{+}z_{1}$







stepl: $\nearrow\backslash ^{o_{7 }}$ $\gamma:=1-\frac{0.4}{\sqrt{2n+s+2t}}$ $W^{0}\in \mathcal{N}$
step2: $(x^{+})^{T}z_{1}+(x^{-})^{T}z_{2}+\lambda_{1}^{T}z_{3}+(\lambda_{2}^{+})^{T}z_{4}+(\lambda_{2}^{-})^{T}z_{5}\leq\epsilon$
$step3$ : Newton $\Delta w$
step4: $w^{k+1}:=w^{k}+\Delta w$




$(\begin{array}{lllll}A -A O O OI -I -D^{T} -E^{T} E^{T}\end{array})(\begin{array}{l}\triangle x^{+}\triangle x^{-}\Delta\lambda_{1}\Delta\lambda_{2}^{+}\Delta\lambda_{2}^{-}\end{array})$
$=(\begin{array}{l}b0\end{array})-(\begin{array}{lllll}A -A O O OI -I -D^{T} -E^{T} E^{T}\end{array})(\begin{array}{l}x^{+}x^{-}\lambda_{1}\lambda_{2}^{+}\lambda_{2}^{-}\end{array})=:r_{p}$
$(\begin{array}{ll}A^{T} I-A^{T} -IO -DO -EO E\end{array})(\begin{array}{l}\triangle y_{1}\Delta y_{2}\end{array})+(\begin{array}{l}\triangle z_{1}\Delta z_{2}\Delta z_{3}\Delta z_{4}\triangle z_{5}\end{array})$
$=(\begin{array}{l}c-c000\end{array})-(\begin{array}{ll}A^{T} I-A^{T} -IO -DO -EO E\end{array})(\begin{array}{l}y_{1}y_{2}\end{array})-(\begin{array}{l}z_{1}z_{2}z_{3}z_{4}z_{5}\end{array})=:r_{d}$
$Z_{1}\triangle x^{+}+X^{+}\Delta z_{1}=\gamma\mu e-X^{+}z_{1}$








step2: $(x^{+})^{T}z_{1}+(x^{-})^{T}z_{2}+\lambda_{1}^{T}z_{3}+(\lambda_{2}^{+})^{T}z_{4}+(\lambda_{2}^{-})^{T}z_{5}\leq\epsilon,$ $\Vert r_{p}\Vert\leq\epsilon_{1},$ $\Vert r_{d}\Vert\leq\epsilon_{2}$
$step3$ :Newton $\Delta w$
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